The volatile and semi-volatile terpenoids in the latex of Euphorbia amygdaloides, E. exigua, E. helioscopia, and E. peplus were analyzed by headspace, solidphase micro-extraction (HS-SPME), coupled with gas chromatography-mass spectrometry. The volatiles were extracted using a 100 μm polydimethylsiloxane SPME fiber under optimized extraction conditions. The compounds detected encompassed a range of chemical classes, but only terpenoids were evaluated. Only sesquiterpene hydrocarbons were detected in the tested samples of E. exigua, E. helioscopia, and E. peplus, with β-caryophyllene being the major one, but were never recorded in latex samples of E. amygdaloides, in which only the diterpene hydrocarbon kaur-16-ene was detected. α-Humulene was consistently found in samples of E. helioscopia, and E. peplus, but never in those of the other two species. These preliminary results show that the developed procedure is suitable for the analysis of small samples of Euphorbia latex and that, for each individual species, there is very little qualitative difference between samples, regardless of either place or date of collection.
The genus Euphorbia (Euphorbiaceae) has a worldwide distribution and contains over 2000 species, which include succulents, trees and annual weeds [1] . Sesquiterpenoids, diterpenoids and triterpenoids have been isolated from Euphorbia species, many with interesting biological activity [for example, 2a-i, and references cited therein], but there has been little published on the volatile and semi-volatile compounds produced by these species. This lack of published work may be because they produce only small quantities of volatile substances. However, the characterization of these compounds may provide useful taxonomic information.
To study these substances, there was an initial need to develop a rapid method for the extraction and identification of the volatile and semi-volatile compounds found in Euphorbia species. Hydrodistillation is the most commonly used method for the extraction of essential oils from aromatic plants, but this is a time-consuming process that requires relatively large amounts of plant material. Hydro-distillation has been used to extract the volatile components of the inflorescences of six Greek [3a] and the leaves of two Venezuelan [3b] Euphorbia species. Nonanol, germacrene-D, phytol, β-caryophyllene, heneicosane and heptacosane were recorded as the major volatile components of the Greek species [3a] . β-Caryophyllene was the major constituent of the essential oils of both Venezuelan species (E. caracasana and E. cotinifolia). However, the oil of E. caracasana also contained significant amounts of α-humulene and aromadendrene, and the oil of E. cotinifolia germacrene-D and α-copaene [3b,c].
Solid-phase micro-extraction (SPME) is a fast, reliable, easy to use, solvent-free extraction technique that has been extensively used for the analysis of volatile and semi-volatile compounds in a range of different matrices [for example, 4a-g]. It has been used to extract compounds directly from the sample matrix or more frequently, in the case of volatile compounds, by headspace (HS) sampling. SPME has been widely used for the analysis of essential oils and volatiles in many different plants [4a-g] , but no reference has been found for its application to Euphorbia species.
In this study, HS-SPME combined with GC-MS was used to profile the volatile and semi-volatile terpenoids found in the latex of four species of Euphorbia. The SPME extraction procedure was optimized and a qualitative and semi-quantitative analysis of the volatile and semi-volatile terpenoid compounds was undertaken. A 100 μm PDMS coated SPME fiber performed best (data not shown) and was used in the subsequent study.
The amount of latex used in the sample vial caused little variation either in the number of different compounds extracted or in the relative peak areas (results not presented). This suggests that the headspace vapor in the vial was in equilibrium for all the amounts of sample taken. As there are difficulties in obtaining large amounts of latex for some species, between 0.1-0.3 g of material was used in subsequent experiments
The influence of pre-heating and extraction temperatures was tested and compared over the range 20, 40, 60 and 80 o C. For practical reasons, temperatures above 80 o C are not frequently used in headspace sampling. As expected, the best results were obtained at 80 o C (results not presented) and this temperature was subsequently used for both the pre-heating and extraction procedures. The influence of extraction time (10, 20, 30, 40 , 60 min) was tested and compared (data not presented). Generally longer extraction times resulted in an increase in efficiency and of extraction. For practical purposes, 30 min was selected for both the pre-heating and extraction time in the SPME procedure.
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Many different classes of compound were detected in the latex samples, most of them in low concentration, and which could not be identified with any degree of certainty. However, it was the terpenoid compounds that were of interest and no attempt was made to characterize the other classes of compound. Only sesquiterpene hydrocarbons were detected in the latex of E. peplus, E. exigua and E. helioscopia. β-Caryophyllene was the major compound in all the samples of E. peplus latex tested, irrespective of either the place or time of collection. α-Copaene and α-humulene were also present in all the tested samples, and (+)-cycloisosativine and (+)-epibicyclosesquiphellandrene in the majority of them (Table 1) . β-Caryophyllene, α-humulene and (+)-epi-bicyclosesquiphellandrene were also recorded in all the tested samples of E. helioscopia, but, unlike E. peplus, neither α-copaene nor (+)-cycloisosativene were found (Table 2) . October, sample 7) . The values obtained for kaur-16-ene varied considerably from sample to sample, but this did not appear to be due to seasonal variation. The values given are the proportion that each compound forms of the total volatile constituents and cannot be converted into its content in the latex.
β-Caryophyllene had been reported earlier as the major constituent of the steam volatiles of the Greek and Venezuelan Euphorbia species investigated [3a-c] . The oil of E. caracasana from Venezuela also contained significant amounts of α-humulene [3b], and α-copaene was reported for E. cotinifolia.
Although only four species in the genus were studied, the results obtained showed that headspace, solid-phase microextraction, gas chromatographic-mass spectrometric analysis is an effective method for the analysis of the volatile and semi-volatile terpenoids present in the latex of Euphorbia species. The results also show that for each individual species, there was very little qualitative difference between samples, regardless of either place or date of collection.
